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7/5VLJQDOLQJLQVNLQQRQKHPDWRSRLHWLFFHOOVLQGXFHVHDUO\QHXWURSKLO
UHFUXLWPHQWLQUHVSRQVHWRLeishmaniamajorLQIHFWLRQ
&DWKHULQH5RQHW.DWLXVND3DVVHOOL0pODQLH&KDUPR\/HR6FDUSHOOLQR(OPDULH
0\EXUJK<D]PLQ+DX\RQ/D7RUUH6DOYDWRUH7XUFR-HUHP\&0RWWUDP1LFRODV
)DVHO6DQMLY$/XWKHU6WHSKHQ0%HYHUOH\3DVFDO/DXQRLVDQG
)DELHQQH7DFFKLQL&RWWLHU

'HSDUWPHQWRI%LRFKHPLVWU\DQG:+2,57&)DFXOW\RI%LRORJ\DQG0HGLFLQH8QLYHUVLW\
RI/DXVDQQH&KHPLQGHV%RYHUHVVHV(SDOLQJHV6ZLW]HUODQG
&HQWUHIRU,PPXQRORJ\DQG,QIHFWLRQ'HSDUWPHQWRI%LRORJ\8QLYHUVLW\RI<RUN+HVOLQJWRQ
<RUN8QLWHG.LQJGRP
'HSDUWPHQWRI%LRFKHPLVWU\8QLYHUVLW\RI.HQWXFN\&ROOHJHRI0HGLFLQH/H[LQJWRQ
.HQWXFN\8QLWHG6WDWHVRI$PHULFD
0ROHFXODU0LFURELRORJ\'HSDUWPHQW:DVKLQJWRQ8QLYHUVLW\6FKRRORI0HGLFLQH6W/RXLV
0LVVRXUL8QLWHG6WDWHVRI$PHULFD

7KHVHDXWKRUVFRQWULEXWHGHTXDOO\

&RUUHVSRQGLQJDXWKRU)DELHQQH7DFFKLQL&RWWLHU'HSDUWPHQWRI%LRFKHPLVWU\8QLYHUVLW\
RI/DXVDQQH&KHPLQGHV%RYHUHVVHV(SDOLQJHV6ZLW]HUODQG3KRQH
)D[

6KRUW7LWOH7/5VLJQDOLQJ LQVNLQQRQKHPDWRSRLHWLFFHOOV WULJJHUVQHXWURSKLO UHFUXLWPHQW
IROORZLQJLQIHFWLRQZLWKL. major
.H\ZRUGV 6NLQ LQQDWH LPPXQLW\ QHXWURSKLOV L. major NHUDWLQRF\WHV, 7/5 FXWDQHRXV
OHLVKPDQLDVLVFKHPRNLQHVOLSRSKRVSKRJO\FDQV/3*




$%675$&7

1HXWURSKLOV DUH UDSLGO\ UHFUXLWHG WR WKH PDPPDOLDQ VNLQ LQ UHVSRQVH WR LQIHFWLRQ ZLWK WKH
FXWDQHRXV Leishmania SDWKRJHQ 7KH SDUDVLWHV XVH QHXWURSKLOV WR HVWDEOLVK WKH GLVHDVH
KRZHYHUWKHVLJQDOVGULYLQJHDUO\QHXWURSKLOUHFUXLWPHQWDUHSRRUO\NQRZQ+HUHZHLGHQWLILHG
WKHIXQFWLRQDOLPSRUWDQFHRI7/5VLJQDOLQJLQWKLVSURFHVV8VLQJERQHPDUURZFKLPHUDVDQG
LPPXQRKLVWRORJ\ ZH LGHQWLILHG WKH 7/5H[SUHVVLQJ FHOOV LQYROYHG LQ WKLV HDUO\ QHXWURSKLO
UHFUXLWPHQWWREHRIQRQKHPDWRSRLHWLFRULJLQ.HUDWLQRF\WHVDUHGDPDJHGDQGEULHIO\LQFRQWDFW
ZLWKWKHSDUDVLWHVGXULQJLQIHFWLRQ:HVKRZWKDW7/5WULJJHULQJE\L. majorLVUHTXLUHGIRU
WKHLUVHFUHWLRQRIQHXWURSKLODWWUDFWLQJFKHPRNLQHV)XUWKHUPRUH7/5WULJJHULQJE\L. major
SKRVSKRJO\FDQV LV FULWLFDO IRU QHXWURSKLO UHFUXLWPHQW LPSDFWLQJ QHJDWLYHO\ RQ GLVHDVH
GHYHORSPHQWDVVKRZQE\EHWWHUFRQWURORIOHVLRQVL]HDQGSDUDVLWHORDGLQTlr2FRPSDUHGWR
ZLOGW\SHLQIHFWHGPLFH&RQYHUVHO\UHVWRULQJHDUO\QHXWURSKLOSUHVHQFHLQTlrPLFHWKURXJK
LQMHFWLRQRIZLOGW\SHQHXWURSKLOVRU&;&/DWWKHRQVHWRILQIHFWLRQUHVXOWHGLQGHOD\HGGLVHDVH
UHVROXWLRQFRPSDUDEOHWRWKDWREVHUYHGLQZLOGW\SHPLFH. 7DNHQWRJHWKHURXUGDWDGHPRQVWUDWH
DQHZUROH IRU7/5H[SUHVVLQJQRQKHPDWRSRLHWLF VNLQFHOOV LQ WKH UHFUXLWPHQWRI WKH ILUVW
ZDYHRIQHXWURSKLOVIROORZLQJL. majorLQIHFWLRQDSURFHVVGHOD\LQJGLVHDVHFRQWURO




,1752'8&7,21 
7KHVNLQLVRQHRIWKHILUVWEDUULHUDQGOLQHRIGHIHQVHDJDLQVWLQYDGLQJSDWKRJHQV.HUDWLQRF\WHV
DUHDPDMRUFRQVWLWXHQWRIWKHHSLGHUPLVZKHUHWKH\DUHDVRXUFHRIF\WRNLQHVDQGJURZWKIDFWRUV
3LYDUFVLHWDO,QUHVSRQVHWRSDWKRJHQVNHUDWLQRF\WHVSOD\PXOWLSOHUROHVLQWKHFRQWURO
RIFXWDQHRXVGLVHDVHVVHFUHWLQJFKHPRNLQHVDQGF\WRNLQHVWKDWFRQWULEXWHWRWKHVKDSLQJRIWKH
ORFDOPLFURHQYLURQPHQWDQGWKHDWWUDFWLRQRIQHXWURSKLOVWRWKHVLWHRILQIHFWLRQ
/HLVKPDQLDVHV DUH YHFWRUERUQH GLVHDVHV WUDQVPLWWHG E\ VDQG IOLHV WKDW FDXVH D VSHFWUXP RI
GLVHDVHV PDQLIHVWLQJ DV VHOIKHDOLQJ FXWDQHRXV OHVLRQV PXFRFXWDQHRXV OHVLRQV RU WKH PRUH
VHYHUHYLVFHUDOIRUPWKDWLVIDWDOLIQRWWUHDWHG)ROORZLQJWKHELWHRIDQLQIHFWHGVDQGIO\ERWK
WKH HSLGHUPLV DQG WKH GHUPLV ZKHUH WKH SDUDVLWH LV GHSRVLWHG DUH GDPDJHG 7KHUH LV DQ
LQFUHDVLQJ LQWHUHVW LQ EHWWHU XQGHUVWDQGLQJ WKH UROH RI NHUDWLQRF\WHV GXULQJ WKH RQVHW RI DQ
LPPXQHUHVSRQVHIROORZLQJLeishmania LQIHFWLRQ'HVFDWRLUHHWDO(KUFKHQHWDO
(LGVPRHWDO*DVLPHWDO6FRU]DHWDOE(DUO\QHXWURSKLOUHFUXLWPHQWLV
UDSLGO\REVHUYHGIROORZLQJVDQGIO\LQIHFWLRQRUQHHGOHLQRFXODWLRQRIDKLJKGRVHRIL. major
LQPLFH1HXWURSKLOVFDQHLWKHUKDYHDSURWHFWLYHRUDGHOHWHULRXVLPSDFWRQGLVHDVHHYROXWLRQ
GHSHQGLQJRQWKHLQIHFWLQJLeishmaniaVSHFLHVVSSDQGWKHKRVWUHYLHZHGLQ&DUOVHQHWDO
+XUUHOOHWDO
+HDOWK\KXPDQVNLQNHUDWLQRF\WHVH[SUHVV7ROOOLNHUHFHSWRUV7/5.DZDLHWDO
.ROOLVFKHWDO/HEUHHWDO/LHWDOD7/5WKDWUHFRJQL]HVVHYHUDOSDWKRJHQ
DVVRFLDWHG PROHFXODU SDWWHUQV LQFOXGLQJ SHSWLGRJO\FDQV 3*1 6FKZDQGQHU HW DO 
<RVKLPXUD HW DO  JO\FRV\OSKRVSKDWLG\OLQRVLWRO DQFKRUV IURP SURWR]RDQ SDUDVLWHV
&DPSRVHWDODQGLeishmaniaOLSRSKRVSKRJO\FDQ/3*6SDWKHWDO:KHWKHU
7/5VLJQDOLQJLQVNLQFHOOVFRQWULEXWHVWRHDUO\QHXWURSKLOUHFUXLWPHQWDWWKHRQVHWRIL. major
LQIHFWLRQDQGWKHW\SHRIFHOOVLQYROYHGDUHXQNQRZQ



+HUH ZH GHPRQVWUDWH WKDW ZLWKLQ KRXUV RI LQIHFWLRQ Leishmania VXUIDFH JO\FRFRQMXJDWHV
WULJJHU 7/5 VLJQDOLQJ LQ QRQKHPDWRSRLHWLF FHOOV LQFOXGLQJ NHUDWLQRF\WHV LQGXFLQJ WKHLU
UHOHDVH RI QHXWURSKLO FKHPRDWWUDFWDQWV 7KLV PHFKDQLVP FRQWULEXWHV WR GHOD\HG FRQWURO RI
GLVHDVH

5(68/76
Leishmania major LQGXFHV &;& FKHPRNLQH H[SUHVVLRQ LQ LQIHFWHG VNLQ DQG SULPDU\
NHUDWLQRF\WHV
.& &;&/ 0,3 &;&/ DQG OLSRSRO\VDFFKDULGHLQGXFHG /,; &;&/ FKHPRNLQHV
SOD\DPDMRUUROHLQQHXWURSKLOUHFUXLWPHQW7RLQYHVWLJDWHWKHLULQGXFWLRQLQWKHILUVWKRXUVRI
LQIHFWLRQL. majorSDUDVLWHVZHUH LQMHFWHG LQ WKHHDUGHUPLVLGRI&%/PLFHDQGWKH
NLQHWLFVRIFKHPRNLQHP51$OHYHOVZDVDQDO\VHGLQLQIHFWHGVNLQGXULQJWKHILUVWKRXUVDIWHU
LQIHFWLRQ ,QIHFWLRQ LQFUHDVHG WKH P51$ OHYHOV RI DOO WKUHH FKHPRNLQH WUDQVFULSWV EXW ZLWK
GLVWLQFW NLQHWLFV )LJXUH D 7R DVVHVV WKH FRQWULEXWLRQ RI NHUDWLQRF\WHV LQ FKHPRNLQH
VHFUHWLRQSULPDU\NHUDWLQRF\WHVZHUHGHULYHGIURPWKHVNLQRI&%/QHRQDWHVDQGH[SRVHG
WRL. major. 6LJQLILFDQWO\KLJKHUOHYHOVRI.&0,3DQG/,;ZHUHUHOHDVHGLQUHVSRQVHWRL. 
major)LJXUHE7RLQYHVWLJDWHLIFKHPRNLQHVHFUHWLRQUHVXOWHGIURPSDUDVLWHLQWHUQDOL]DWLRQ
P&KHUU\L. majorSDUDVLWHVZHUHJHQHUDWHG7KHIUHTXHQF\RILQIHFWLRQZDVDQDO\VHGE\IORZ
F\WRPHWU\  KRXUV DIWHU LQFXEDWLRQ ZLWK NHUDWLQRF\WHV DQG FRPSDUHG WR WKDW REVHUYHG
IROORZLQJLQIHFWLRQRIPDFURSKDJHVDQGQHXWURSKLOV$FOHDUP&KHUU\SRSXODWLRQZDVGHWHFWHG
DPRQJ PDFURSKDJHV DQG QHXWURSKLOV EXW RQO\ D ORZ IUHTXHQF\ RI NHUDWLQRF\WHV DSSHDUHG
LQIHFWHG)LJXUHF7RIXUWKHUDQDO\]HLQIHFWLRQRINHUDWLQRF\WHVIOXRUHVFHQWSDUDVLWHVZHUH
LQFXEDWHGZLWKSULPDU\NHUDWLQRF\WHVDQGSDUDVLWHSUHVHQFHGHWHUPLQHGE\FRQIRFDOPLFURVFRS\
KRXUVODWHU1RSDUDVLWHVFRXOGEHGHWHFWHGZLWKLQWKHFHOOVEXWLeishmaniaLQWHUDFWHGZLWK
NHUDWLQRF\WHVWKURXJKWKHIODJHOODUWLSWKHIODJHOODUEDVHRUZLWKWKHSRVWHULRUSROHRIWKHSDUDVLWH



)LJXUHG7KHVHUHVXOWVVXJJHVWWKDWVXUIDFHUHFRJQLWLRQRIL. majorE\NHUDWLQRF\WHVWULJJHUV
WKHVHFUHWLRQRI0,3.&DQG/,;E\NHUDWLQRF\WHV

7/5H[SUHVVLRQLVUHTXLUHGWRUHFUXLWQHXWURSKLOVDIWHUL. majorLQIHFWLRQ
7/5V DUH SDWKRJHQ UHFHSWRUV DW WKH VXUIDFH RI YDULRXV ERG\ FHOOV LQFOXGLQJ NHUDWLQRF\WHV
$PRQJVWDOO7/5VH[SUHVVHG7/5VKRZHGWKHKLJKHVWP51$H[SUHVVLRQOHYHO LQSULPDU\
NHUDWLQRF\WHV RI QDwYH PLFH )LJXUH D 7R DVVHVV WKH UROH RI 7/5 DQG WKH GRZQVWUHDP
DGDSWHUSURWHLQP\HORLGGLIIHUHQWLDWLRQIDFWRU0\'LQL. majorLQGXFHGUDSLGQHXWURSKLO
UHFUXLWPHQWLQWKHVNLQTlrDQGMyD88PLFHZHUHLQIHFWHGLGZLWKL. majorDQG&;&
FKHPRNLQH OHYHOV DVVHVVHG LQ WKH HDU VNLQ $EVHQFH RI 7/5 DQG 0\' LQ LQIHFWHG HDUV
UHVXOWHG LQ D PDUNHGO\ UHGXFHG LQGXFWLRQ RI .& 0,3 DQG /,; P51$ )LJXUH E
1HXWURSKLODFFXPXODWLRQDVVHVVHGLQWKHLQIHFWHGHDUE\IORZF\WRPHWU\DQGKLVWRORJ\SHDNHG
DWKRXUVSRVWLQIHFWLRQ$VLJQLILFDQWO\UHGXFHGQHXWURSKLOQXPEHUZDVREVHUYHGLQWKHHDU
VNLQ RI TlrPLFH )LJXUH FH DFFRXQWLQJ IRU WKH PDMRULW\ RI WKH GHFUHDVH REVHUYHG LQ
DEVHQFHRI0\')LJXUHF7KHVHGDWDVXJJHVWDSUHGRPLQDQWUROHIRU7/5VLJQDOLQJLQ
QHXWURSKLOUHFUXLWPHQWHDUO\DIWHULQIHFWLRQDQGDPLQRUUROHIRURWKHU7/5VLQWKLVSURFHVV

L. major/3*WULJJHUV7/5VLJQDOLQJDQGQHXWURSKLOUHFUXLWPHQW
/3*LVRQHRIWKHPRVWFRPPRQO\H[SUHVVHGVXUIDFHPROHFXOHVRQWKHLQIHFWLRXVSURPDVWLJRWH
SDUDVLWHV WKDW DOVR H[SUHVV RWKHU SKRVSKRJO\FDQFRQWDLQLQJ PROHFXOHV 3*V 6DFNV HW DO
7RFKHFNWKHLPSRUWDQFHRI/3*RQWKH7/5GHSHQGHQWLQGXFWLRQRI&;&FKHPRNLQH
VHFUHWLRQE\NHUDWLQRF\WHV:7RUTlrSULPDU\NHUDWLQRF\WHVZHUHLVRODWHGDQGH[SRVHGWRL. 
majorRU/3*%RWKLQGXFHG.&DQG0,3VHFUHWLRQLQ:7NHUDWLQRF\WHVDSURFHVVPDUNHGO\
GHFUHDVHG LQTlrNHUDWLQRF\WHV )LJXUHDE7RGHPRQVWUDWH WKH UROH RI/3* LQ7/5
LQGXFHGHDUO\QHXWURSKLO UHFUXLWPHQW in vivo:7PLFHZHUH LQIHFWHGZLWK:7 L. majorL. 



majorGHILFLHQWIRU/3*DORQHlpg1RUZLWKL. majorGHILFLHQWIRU/3*DQGDOO3*Vlpg2
7KHFRPSOHPHQWHG³DGGEDFN´$%lpg1RUlpg2-/-SDUDVLWHVZHUHXVHGDVFRQWUROV,QMHFWLRQ
RIL. majorGHILFLHQWLQlpg1-/-VLJQLILFDQWO\UHGXFHGQHXWURSKLOUHFUXLWPHQWDQGDGGLQJEDFN
lpg1 lpg1$% UHVWRUHG WKH FDSDFLW\ WR UHFUXLW QHXWURSKLOV LQ WKHVH SDUDVLWHV )LJXUH F
,QMHFWLRQRIlpg2-/SDUDVLWHVUHVXOWHGLQHYHQVWURQJHULQKLELWLRQRIQHXWURSKLOUHFUXLWPHQWWRWKH
VLWHRI LQIHFWLRQZLWK OHYHOV WKDWZHUH FRPSDUDEOH WR WKRVHREVHUYHG IROORZLQJ LQMHFWLRQRI
PHGLXP$GGLQJEDFNlpg2WRWKHL. majorPXWDQWlpg2$%UHVWRUHGQHXWURSKLOUHFUXLWPHQW
XSRQLQIHFWLRQ)LJXUHG2QO\DYHU\ORZQXPEHURIQHXWURSKLOVZHUHDWWUDFWHGIROORZLQJ
LQMHFWLRQRI:7$%DQGlpg1RUlpg2L. majorSDUDVLWHVLQTlrPLFH)LJXUHH7KHVH
GDWDVKRZWKDW/3*DQGRWKHUSKRVSKRJO\FDQVSUHVHQWDWWKHVXUIDFHRIL. majorSURPDVWLJRWHV
WULJJHU 7/5 UHVXOWLQJ LQ ORFDO VHFUHWLRQ RI FKHPRDWWUDFWDQWV WKDW UHFUXLW PRVW RI WKH
QHXWURSKLOVREVHUYHGDWWKHVLWHRILQIHFWLRQGXULQJWKHILUVWKRXUVSRVWLQIHFWLRQ

7/5WULJJHULQJRIQRQKHPDWRSRLHWLFVNLQFHOOVLQGXFHVHDUO\QHXWURSKLOUHFUXLWPHQW
7RIXUWKHULQYHVWLJDWHWKHVRXUFHRI7/5GHSHQGHQWQHXWURSKLOFKHPRDWWUDFWDQWVLQWKHVNLQ
ZHJHQHUDWHGERQHPDUURZ%0FKLPHUDVDVGHSLFWHG LQ)LJXUHD(LJKWZHHNV ODWHU WKH
FKLPHUDV ZHUH LQIHFWHG ZLWK L. major 7ZHQW\IRXU KRXUV SRVWLQIHFWLRQ WKH SUHVHQFH RI
&'E/\* QHXWURSKLOV ZDV DQDO\]HG E\ IORZ F\WRPHWU\ )LJXUH E 1HXWURSKLO
UHFUXLWPHQWZDVVLPLODULQWKHHDURI:7DQGLUUDGLDWHG:7PLFHWKDWUHFHLYHGTlrRU:7
%0)LJXUHF,QFRQWUDVW LUUDGLDWHGTlrPLFHWKDWUHFHLYHG:7%0VKRZHGPDUNHGO\
UHGXFHG QHXWURSKLO UHFUXLWPHQW  KRXUV DIWHU L. major LQIHFWLRQ )LJXUH G 7KHVH GDWD
GHPRQVWUDWHWKDW7/5H[SUHVVLRQRQQRQKHPDWRSRLHWLFRUUDGLRUHVLVWDQWFHOOVLVUHTXLUHGIRU
QHXWURSKLOUHFUXLWPHQWDWWKHVLWHRISDUDVLWHLQRFXODWLRQ,QDGGLWLRQWZRZHHNVSRVWLQIHFWLRQ
GHFUHDVHGSDUDVLWHEXUGHQZDVREVHUYHGVHOHFWLYHO\LQLUUDGLDWHGTlr2WKDWUHFHLYHG:7%0



)LJXUHHIIXUWKHUVKRZLQJDSRVLWLYHFRUUHODWLRQEHWZHHQQHXWURSKLOQXPEHUDWWKHRQVHW
RILQIHFWLRQDQGVXEVHTXHQWSDUDVLWHEXUGHQ
7RYLVXDOL]HWKHFHOOVSURGXFLQJHDUO\.&DQG0,3:7PLFHZHUHLQIHFWHGZLWKL. major
DQGKRXUVODWHUHDUVNLQZDVLVRODWHGDQGVXEMHFWHGWRLPPXQRIOXRUHVFHQFHVWDLQLQJ+LJK
OHYHOVRI.&VWDLQLQJZHUHREVHUYHGSUHGRPLQDQWO\ LQ WKH(SFDPNHUDWLQRF\WHVRI LQIHFWHG
:7DQGTlrPLFH)LJXUHDDQGGDWDQRWVKRZQEXWQRWZKHQWKHSULPDU\DQWLERG\ZDV
RPLWWHG)LJXUH66LPLODUOHYHOVRI.&SURWHLQZHUHIRXQGLQWKHHSLGHUPLVRIQDLYHPLFH
)LJXUHDVXJJHVWLQJWKLVFKHPRNLQHLVFRQVWLWXWLYHO\H[SUHVVHGDQGVWRUHGLQNHUDWLQRF\WHV
,Q FRQWUDVW PRVW RI WKH 0,3 VWDLQLQJ ZDV REVHUYHG LQ WKH GHUPLV DQG QRW WKH HSLGHUPLV
6LPLODU WR.&0,3SURWHLQZDVSUHVHQW LQHDU VNLQRIERWKQDwYHDQG LQIHFWHG:7PLFH
)LJXUHEVXJJHVWLQJWKDWWKLVFKHPRNLQHLVDOVRFRQVWLWXWLYHO\H[SUHVVHGDQGVWRUHGLQGHUPDO
FHOOVQRVWDLQLQJZDVREVHUYHGLQDEVHQFHRIWKHSULPDU\DQWLERG\)LJXUH68SRQL. major
LQIHFWLRQGRWOLNH0,3VWDLQLQJDSSHDUHGLQ:7GHUPLVRIWHQLQFORVHSUR[LPLW\WRFHOOV
KDUERULQJ ODUJH TXDQWLWLHV RI LQWUDFHOOXODU 0,3 )LJXUH E F VXJJHVWLQJ WKDW WKH GRWV
UHSUHVHQWFKHPRNLQHV UHOHDVHGE\ WKHGHUPDO0,3VRXUFH ,QWHUHVWLQJO\ WKHVH0,3GRWV
ZHUHRQO\REVHUYHGORFDOO\DWWKHVLWHRIVZHOOLQJDQGLQIODPPDWLRQLQ:7GHUPLV)LJXUHF
LQFORVHSUR[LPLW\WRLQILOWUDWLQJP\HORLGFHOOV,QTlrPLFHDVLPLODUQXPEHURI0,3FHOOV
ZDVSUHVHQWLQQDLYHDQGLQIHFWHGHDUVNLQVKRZHYHUWKHLQIHFWLRQWULJJHUHGOHVVGRWOLNH0,3
VWDLQLQJVXJJHVWLQJOHVVUHOHDVHIURPWKHPDMRUGHUPDO0,3VRXUFH7KLVILQGLQJFRUUHODWHG
ZLWK UHGXFHG DWWUDFWLRQ RI P\HORLG FHOOV FRPSRVHG PDLQO\ RI QHXWURSKLOV )LJXUH G DQG
)LJXUH64XDQWLILFDWLRQRI0,3FHOOVDQGUHOHDVHGGRWVLQGLFDWHGDVLJQLILFDQWLQFUHDVHLQ
0,3UHOHDVHGGRWVVSHFLILFDOO\LQLQIODPHGDUHDVRIL. majorLQIHFWHGHDUVRI:7EXWQRWLQ
Tlr2LQIHFWHGHDUV)LJXUHH&'E1,035FHOOVDQG/\*QHXWURSKLOV)LJXUHF
GDQG6VKRZHGRQO\OLWWOHFRORFDOL]DWLRQZLWKF\WRSODVPLF0,3VWDLQLQJVXJJHVWLQJWKDW
0,3LVQRWEHLQJH[SUHVVHGDWKLJKOHYHOVE\PRQRF\WHVDQGQHXWURSKLOV7RIXUWKHUGHILQH



WKH 0,3 H[SUHVVLQJ FHOO W\SH DQG UXOH RXW WKH FRQWULEXWLRQ RI SRWHQWLDOO\ UDGLRUHVLVWDQW
PDFURSKDJHV LQ HDUO\ QHXWURSKLO UHFUXLWPHQW WKH GHUPLV ZDV VWDLQHG IRU PDQQRVH UHFHSWRU
&'DQG)WZRDGGLWLRQDOGHUPDOPDFURSKDJHPDUNHUV1RFRORFDOL]DWLRQZLWK0,3
ZDVREVHUYHGUXOLQJRXWGHUPDOPDFURSKDJHVDVPDMRU0,3SURGXFLQJFHOOV6LPLODUO\QR
FRORFDOL]DWLRQZDVREVHUYHGRQ&'/DQJHUKDQVFHOOV)LJXUHI$EVHQFHRIGHWHFWDEOH
OHYHOV RI &' H[SUHVVLRQ RQ PRVW 0,3 FHOOV LQ WKH VNLQ RI QDwYH DQG LQIHFWHG PLFH
FRQILUPHGWKHLUQRQKHPDWRSRLHWLFRULJLQ0,3FHOOVZHUHQHJDWLYHIRU9(FDGKHULQVWDLQLQJ
DQG QRW DVVRFLDWHG ZLWK &ROODJHQ W\SH ,9 EDVHPHQW PHPEUDQHV UXOLQJ RXW O\PSKDWLF RU
HQGRWKHOLDOHQGRWKHOLXPDVZHOO)LJXUHI&ROOHFWLYHO\WKHVHGDWDLQGLFDWHWKDWLQWKHILUVW
KRXUVDIWHULQIHFWLRQL. majorWULJJHULQJRI7/5RQQRQKHPDWRSRLHWLFVNLQFHOOVLQFOXGLQJ
PRVWO\ NHUDWLQRF\WHV DQG GHUPDO VWURPDO FHOOV OHDGV WR .& DQG 0,3 UHOHDVH DQG WKHUHE\
QHXWURSKLOUHFUXLWPHQW

$EVHQFHRI7/5VLJQDOLQJUHGXFHVGLVHDVHGHYHORSPHQWIROORZLQJL. majorLQIHFWLRQ
7RDVVHVVWKHJOREDOLPSDFWRI7/5RQWKHGLVHDVHTlrPLFHZHUHLQIHFWHGLGZLWKL. major
DQG OHVLRQ GHYHORSPHQW PHDVXUHG Tlr PLFH GHYHORSHG D VLJQLILFDQWO\ VPDOOHU OHVLRQ
FRPSDUHGWR:7PLFHDVUHSUHVHQWHGE\OHVLRQVFRUH7RE\SDVVWKH7/5VLJQDOLQJUHTXLUHG
WRDWWUDFWQHXWURSKLOPJRI.&ZDVLQMHFWHGLGLQTlrPLFHDWWKHWLPHRILQIHFWLRQDGRVH
WKDWUHFUXLWHGDVLPLODUQXPEHURIQHXWURSKLOVFRPSDUHGWRWKDWREVHUYHGIROORZLQJL. major
LQIHFWLRQTlrPLFHLQMHFWHGZLWK.&GHYHORSHGDOHVLRQVFRUHVLPLODUWRWKDWREVHUYHGLQ:7
PLFHZKLOHLQMHFWLRQRI.&LQ:7PLFHGLGQRWFKDQJHOHVLRQGHYHORSPHQW)LJXUHD(LJKW\
GD\VSRVWLQIHFWLRQTlrPLFHLQIHFWHGLQWKHSUHVHQFHRIH[RJHQRXV.&KDGDSDUDVLWHORDG
VLJQLILFDQWO\LQFUHDVHGFRPSDUHGWRWKDWPHDVXUHGLQWKHHDURIVLPLODUO\LQIHFWHGTlrPLFH
)LJXUH E 7R IXUWKHU DVVHVV LI WKLV SKHQRW\SH ZDV OLQNHG WR WKH UHVWRUHG UHFUXLWPHQW RI
QHXWURSKLOVTlrRU:7PLFHZHUHLQMHFWHGZLWKLQIODPPDWRU\:7RUTlr2QHXWURSKLOV



DWWKHWLPHRILQIHFWLRQ2IQRWHWKHLQMHFWHGLQIODPPDWRU\:7DQGTlr2QHXWURSKLOVGLGQRW
GLIIHUIXQFWLRQDOO\)LJXUH6/HVLRQGHYHORSPHQWLQTlrPLFHWKDWUHFHLYHG:7RUTlr2
QHXWURSKLOVZDVVLPLODUWRWKDWREVHUYHGLQL. majorLQIHFWHG:7PLFH)LJXUHFGZLWKD
FRPSDUDEOHSDUDVLWHORDGREVHUYHGGD\VSRVWLQIHFWLRQWKDWZDVVLJQLILFDQWO\KLJKHUWKDQWKDW
REVHUYHGLQTlr2HDUV)LJXUHHFRQILUPLQJWKHDEVHQFHRIIXQFWLRQDOGHILFLHQF\LQTlr2
QHXWURSKLOV&RQYHUVHO\LQMHFWLRQRI:7RUTlr2QHXWURSKLOVLQ:7PLFHGLGQRWLPSDFWOHVLRQ
VL]HGHYHORSPHQW)LJXUHFGDQGSDUDVLWHORDGZDVVLPLODULQ:7PLFHWUDQVIHUUHGZLWK:7
RUTlr2QHXWURSKLOV8QOLNHTlr2PLFHLQDGGLWLRQWRWUDQVIHUUHGQHXWURSKLOVL. majorDOVR
PDVVLYHO\UHFUXLWQHXWURSKLOVLQWKHLQIHFWHGVNLQRI:7PLFHDOWRJHWKHUSURYLGLQJDSURWHFWLQJ
SDUDVLWHVKHOWHUUHVXOWLQJLQDVXEVHTXHQWKLJKHUSDUDVLWHORDGREVHUYHGLQWUDQVIHUUHG:7PLFH
)LJXUHI $OWRJHWKHU WKHVHGDWDGHPRQVWUDWH WKDWL. major LQIHFWLRQ LQGXFHV UDSLG7/5
VLJQDOLQJ LQ VNLQ QRQKHPDWRSRLHWLF FHOOV WULJJHULQJ FKHPRNLQHPHGLDWHG QHXWURSKLO
UHFUXLWPHQW D SURFHVV IDYRULQJ WUDQVLHQW VXUYLYDO RI SDUDVLWHV ZLWKLQ QHXWURSKLOV GHOD\LQJ
VXEVHTXHQWGHYHORSPHQWRIDSURWHFWLYHUHVSRQVH


',6&866,21

'XULQJWKHILUVWGD\RILQIHFWLRQL. majorLVXVLQJQHZO\UHFUXLWHGQHXWURSKLOVDVDWUDQVLHQW
VKHOWHUUHVLVWLQJGHVWUXFWLRQE\WKHRWKHUZLVHHIILFLHQWNLOOLQJPDFKLQHU\RIQHXWURSKLOV5HJOL
HW DO  :H VKRZ KHUH WKDW .& 0,3 DQG /,; WKUHH PDMRU QHXWURSKLODWWUDFWLQJ
FKHPRNLQHVDUHLQGXFHGORFDOO\LQWKHVNLQLQWKHILUVWKRXUVRILQIHFWLRQDQGZHVKRZWKDWSUH
VWRUHG.&DQG0,3DUHUHOHDVHGZLWKLQIRXUKRXUVRILQIHFWLRQ8SUHJXODWLRQRI.&P51$
DQG&;&/ZHUHSUHYLRXVO\VKRZQWREHDVVRFLDWHGZLWKQHXWURSKLOUHFUXLWPHQWIROORZLQJL. 
majorLQIHFWLRQ0XOOHUHWDO8\WWHQKRYHHWDO,QDGGLWLRQWRFKHPRNLQHVRWKHU
IDFWRUVSURGXFHGE\WKHSDUDVLWHVYDQ=DQGEHUJHQHWDORUFRQWULEXWHGE\WKHVDQGIO\
GXULQJ QDWXUDO LQIHFWLRQ VXFK DV HJHVWHG EDFWHULD VDOLYDU\ JODQG SURGXFWV DQG D



SURWHRSKRVSKRJO\FDQJHODUHOLNHO\WRDOVRSDUWLFLSDWHLQQHXWURSKLOUHFUXLWPHQWGH0RXUDHW
DO 'H\ HW DO *LUDXG HW DO 7KXV PXOWLSOH IDFWRUVPD\ FRQWULEXWH DQG
V\QHUJL]HWRSURPRWHQHXWURSKLOUHFUXLWPHQWDWWKHVLWHRILQIHFWLRQ:HVKRZKHUHWKDWGXULQJ
WKH ILUVWKRXUVRI LQIHFWLRQ7/5VLJQDOLQJ LQGXFHGE\SDUDVLWHSKRVSKRJO\FDQV HVSHFLDOO\
/3* H[SUHVVHG DW WKH VXUIDFH RI WKH SDUDVLWH LV SOD\LQJ D PDMRU UROH LQ UDSLG QHXWURSKLO
PLJUDWLRQWRWKHVLWHRISDUDVLWHLQRFXODWLRQ
LeishmaniaDQG WKHLU/3*VZHUH UHSRUWHG WREH UHFRJQL]HG in vitroYLD7/5H[SUHVVHGRQ
PDFURSKDJHVQHXWURSKLOVQDWXUDONLOOHUFHOOVRUGHQGULWLFFHOOV%HFNHUHWDO&KDUPR\
HWDOGH9HHUHWDO)DULDHWDO+XDQJHWDO.DYRRVLHWDO
7RORXHLHWDO3URVWDJODQGLQ(VHFUHWLRQE\PDFURSKDJHVLQUHVSRQVHWRL. donovani
ZDVDOVRVKRZQWREH7/5GHSHQGHQW%KDWWDFKDUMHHHWDO+RZHYHUDUROHIRU7/5
VLJQDOOLQJLQQRQKHPDWRSRLHWLFFHOOVKDGQRWEHHQUHSRUWHG+HUHZHVKRZWKDWLQUHVSRQVHWR
L. major, 7/5 LV WKH PRVW LQGXFHG 7/5 H[SUHVVHG LQ NHUDWLQRF\WHV DQG WKDW VHFUHWLRQ RI
QHXWURSKLOFKHPRDWWUDFWDQWVE\NHUDWLQRF\WHVLV7/5GHSHQGHQW)XUWKHUPRUHUHFRJQLWLRQRI
SXULILHG L. major /3* LQGXFHG WKH VHFUHWLRQ RI FKHPRNLQHV E\ SULPDU\ NHUDWLQRF\WHV LQ D
7/5GHSHQGHQWPDQQHU,QYLYRUHFRJQLWLRQE\7/5RIL. major/3*DQGRWKHU3*VZDV
VKRZQWREHFUXFLDOLQWKHHDUO\UHFUXLWPHQWRIQHXWURSKLOVIROORZLQJLQIHFWLRQZLWKL. major
,QFRQWUDVWWRPDFURSKDJHVDQGQHXWURSKLOVL. majorZDVQRWLQWHUQDOL]HGE\NHUDWLQRF\WHVLQ
OLQH ZLWK SUHYLRXV UHSRUWV %ODQN HW DO  0ERZ HW DO  6FRU]D HW DO E
+RZHYHUDVVKRZQE\FRQIRFDOPLFURVFRS\L. majorLQWHUDFWHGZLWKNHUDWLQRF\WHVDWORFDWLRQV
ZKHUH/3*DQGSURWHRJO\FDQVDUHHQULFKHG6DGORYDHWDO7KLVUHVXOWHGLQWKHVHFUHWLRQ
RI QHXWURSKLO DWWUDFWLQJ FKHPRNLQHV LQ D 7/5GHSHQGHQW SURFHVV %0 FKLPHUD DQG
LPPXQRIOXRUHVFHQFHPLFURVFRS\ UHYHDOHG WKHSUHGRPLQDQW HDUO\ UROHRI WZRPDLQL. major
LQGXFHGQHXWURSKLODWWUDFWDQWV.&DQG0,3SURGXFHGE\NHUDWLQRF\WHVDQGGHUPDOVWURPDO
FHOOVUHVSHFWLYHO\.&DQG0,3FKHPRNLQHVDSSHDUHGSUHVWRUHGLQQRQKHPDWRSRLHWLFFHOOV



RI QDwYH VNLQ LQ OLQHZLWK IRUPHU VWXGLHV -RKDQVVRQ HW DO 2\QHEUDWHQ HW DO  
VXJJHVWLQJWKDWLQUHVSRQVHWR7/5WULJJHULQJUDSLGUHOHDVHRIWKHVHSUHVWRUHGFKHPRNLQHVFDQ
RFFXU LQ DGGLWLRQ WR GH QRYR V\QWKHVLV ,Q WKH HSLGHUPLV NHUDWLQRF\WHV DUH WKH PDLQ QRQ
KHPDWRSRLHWLFFHOOW\SHWKDWFDQVHQVHPLFUREHV:LWKLQWKHGHUPLVYDULRXVQRQKHPDWRSRLHWLF
FHOOV H[LVW LQFOXGLQJHQGRWKHOLDO FHOOV DV ZHOO DV ILEUREODVWV DQG DGLSRF\WHV /DL DQG*DOOR
 :H VKRZHG WKDW 7/5 LQGXFHV .& UHOHDVH E\ NHUDWLQRF\WHV &XUUHQWO\ ZH FDQQRW
H[FOXGHWKDWUDGLRUHVLVWDQW/DQJHUKDQVFHOOVDOVRSURGXFHVRPH.&9HU\IHZNHUDWLQRF\WHV
DQG QR HQGRWKHOLDO FHOOV H[SUHVVHG 0,3 7KH H[DFW VRXUFH RI QRQKHPDWRSRLHWLF FHOOV
UHOHDVLQJ0,3UHPDLQVWREHGHWHUPLQHG'HVSLWHWKHORZRUODFNRIFKHPRNLQHFRORFDOL]DWLRQ
ZLWK&'KHPDWRSRLHWLFFHOOVDIHZGHUPDOPDFURSKDJHVVKRZHGFRVWDLQLQJZLWK0,3
&ROOHFWLYHO\WKHVHGDWDVXJJHVWWKDWFKHPRNLQHVHFUHWLRQE\PDFURSKDJHVDQG/DQJHUKDQVFHOOV
GRQRWVHHPWREHUHVSRQVLEOHIRUWKHPDMRULW\RIQHXWURSKLOVUHFUXLWHG
1HXWURSKLOVSOD\LPSRUWDQWUROHVQRWRQO\LQWKHFXWDQHRXVIRUPVEXWDOVRLQWKHH[SHULPHQWDO
YLVFHUDOIRUPRIWKHGLVHDVH'H\HWDO0F)DUODQHHWDO6DFUDPHQWRHWDO
6PHOWHWDO'HFUHDVHGQHXWURSKLOUHFUXLWPHQWLQWKHOLYHUDQGVSOHHQRIL. infantum
LQIHFWHG Tlr PLFH ZDV UHFHQWO\ GHVFULEHG 6DFUDPHQWR HW DO  IXUWKHU LPSO\LQJ WKH
LPSRUWDQFHRI7/5VLJQDOOLQJLQWKHLQIODPPDWRU\UHVSRQVHWRLQIHFWLRQZLWKLeishmania VSS
LQGXFLQJ YLVFHUDO GLVHDVHV Leishmania H[SRVXUH WR KXPDQ SULPDU\ NHUDWLQRF\WHV LQGXFHG
F\WRNLQHDQGFKHPRNLQHSURGXFWLRQin vitroKRZHYHUL. infantumZDVDEHWWHULQGXFHUWKDQL. 
major6FRU]DHWDODVXJJHVWLQJWKDWWKHUHPD\H[LVWGLIIHUHQFHVEHWZHHQWKHLPSDFWRI
GLVWLQFW Leishmania VSS RQ NHUDWLQRF\WHV IXQFWLRQ DV SUHYLRXVO\ REVHUYHG IRU QHXWURSKLOV
+XUUHOOHWDO

:HVKRZKHUHWKDWL. majorLQIHFWHGTlrPLFHGHYHORSHGDVLJQLILFDQWO\VPDOOHUOHVLRQVL]H
DQGEHWWHUFRQWUROOHGSDUDVLWHORDGWKDQ:7PLFH7KHVHGDWDDUHLQOLQHZLWKDGHOHWHULRXVUROH



IRUQHXWURSKLOVHDUO\LQLQIHFWLRQ7KHSUHVHQFHRIQHXWURSKLOVLQWKHVNLQGXULQJWKHILUVWGD\RI
LQIHFWLRQWKURXJKWKHLUUHOHDVHRIF\WRNLQHVDQGRWKHUJUDQXOHIDFWRUV7HFFKLRHWDO
PRVW OLNHO\ FRQWULEXWHV WR VKDSLQJ WKH PLFURHQYLURQPHQW DW WKH VLWH RI LQIHFWLRQ ZLWK D
VLJQLILFDQWLPSDFWRQVXEVHTXHQWOHVLRQGHYHORSPHQWLQOLQHZLWKSUHYLRXVUHSRUWV+XUUHOOHW
DO3HWHUVHWDO
,QFRQWUDVWTlrPLFHLQIHFWHGVXEFXWDQHRXVO\LQWKHIRRWSDGZLWKL. majorZHUHUHSRUWHGWR
EHFRPHWUDQVLHQWO\VXVFHSWLEOH WR LQIHFWLRQ+DOOLGD\HWDO7KHGLIIHUHQFHVREVHUYHG
EHWZHHQ WKH DIRUHPHQWLRQHG DQG RXU VWXG\ PD\ EH H[SODLQHG E\ WKH GLVWLQFW VLWHV XVHG WR
LQRFXODWH WKH SDUDVLWHV 'XULQJ WKH ILUVW KRXUV RI LQIHFWLRQ QHXWURSKLOV DUH SRRUO\ UHFUXLWHG
IROORZLQJ VXEFXWDQHRXV VF LQIHFWLRQ ZKLOH WKH\ DUH VWURQJO\ UHFUXLWHG IROORZLQJ GHUPDO
SDUDVLWHLQRFXODWLRQ5LEHLUR*RPHVHWDODVLWHFRUUHVSRQGLQJWRSDUDVLWHGHOLYHU\E\
WKHVDQG IO\ ,Q OLQHZLWKRXUGDWD WUHDWPHQWRIPLFH LQMHFWHGVF LQ WKHIRRWSDGZLWK7/5
DJRQLVWV LQFUHDVHG QHXWURSKLO UHFUXLWPHQW WR WKH VLWH RI LQIHFWLRQ +XDQJ HW DO  DQG
WUHDWPHQW ZLWK DQWL7/5 DQWLERGLHV VXSSUHVVHG WKH DQWLLQIODPPDWRU\ UHVSRQVH EXW QRW
SDUDVLWHORDG.RPDL.RPDHWDO
$OWRJHWKHUZHGHPRQVWUDWHKHUHDFUXFLDOUROHIRU7/5VLJQDOOLQJLQVNLQQRQKHPDWRSRLHWLF
FHOOV LQ WKH HDUO\ UHFUXLWPHQW RI QHXWURSKLOV 7KLV LPSDFWV WKH HYROXWLRQ RI FXWDQHRXV
OHLVKPDQLDVLV UHYHDOLQJ D SDWKRJHQLF UROH IRU HDUO\ 7/5 VLJQDOOLQJ LQ WKH VNLQ RSHQLQJ
DYHQXHVWRPRGXODWHGLVHDVHRQVHW

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

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

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0LFH
&%/PLFHZHUH IURP+DUODQ (QYLJR+XQWLQJWRQ8QLWHG.LQJGRPMyD88±±Tlr
PLFH EDFNFURVVHG RQWR D &%/ EDFNJURXQG IURP 3URI 6 $NLUD 8QLYHUVLW\ RI 2VDND
-DSDQ ZHUH EUHG DQG PDLQWDLQHG XQGHU SDWKRJHQ IUHH FRQGLWLRQV 81,/ (SDOLQJHV
6ZLW]HUODQG7KHPDLQWHQDQFHDQGFDUHRIPLFHFRPSOLHGZLWKDQGWKHVWXGLHVZHUHDSSURYHG
E\WKHHWKLFDOJXLGHOLQHVRIWKHVWDWHRI9DXG(WKLF&RPPLWWHHV
3DUDVLWHV
L. major EHDULQJKRPR]\JRXVGHOHWLRQVRI LPG1 (lpg1-/-or 'lpg1-) or LPG2 (lpg2RU'lpg2í
JHQHVDQGWKHLUUHVSHFWLYHFRPSOHPHQWHG³DGGEDFNV´$%ZHUHJHQHUDWHGSUHYLRXVO\LQWKH
/9FORQHEDFNJURXQG6SDWKHWDO6SDWKHWDO7KHVHDQGL. major/9
05+2683ZHUHPDLQWDLQHGDVSUHYLRXVO\GHVFULEHG7DFFKLQL&RWWLHUHWDO 
.HUDWLQRF\WHVFXOWXUHDQGFKHPRNLQHSURGXFWLRQ
1HZERUQ PLFH SULPDU\ NHUDWLQRF\WHV ZHUH FXOWLYDWHG DQG JURZQ DV SUHYLRXVO\ GHVFULEHG
0LVVHURHWDO&RQIOXHQWPRQROD\HURINHUDWLQRF\WHVZHUHH[SRVHGWRPOSDUDVLWHV
LQ /&0 &KHPRNLQHV ZHUH PHDVXUHG E\ (/,6$V 5	' 0LQQHDSROLV 01 )RU
LPPXQRIOXRUHVFHQFH L. major ZDV ODEHOHG ZLWK &0)'$ 0ROHFXODU 3UREHV (XJHQH 86
IL[HGZLWKSDUDIRUPDOGHK\GHSHUPHDELOL]HGZLWK7ULWRQDQGFRXQWHU VWDLQHGZLWK
UKRGDPLQ SKDOORGLQ 0ROHFXODU 3UREHV PRXQWHG DQG DQDO\]HG ZLWK $[LRSODQ IOXRUHVFHQW
PLFURVFRSH=HLVV-HQD*HUPDQ\
7ZRVWHS6<%5JUHHQ573&5
P51$ZDVSXULILHG4LDJHQ+LOGHQ*HUPDQ\DQGUHYHUVHWUDQVFULEHGXVLQJ6XSHU6FULSW,,
57,QYLWURJHQ/LIH7HFKQRORJLHV&DUOVEDG&$4XDQWLWDWLYH3&5ZDVSHUIRUPHGXVLQJWKH
SULPHUVOLVWHGLQWKH6XSSOHPHQWDU\0HWKRGV




L. majorLQRFXODWLRQHDUH[SODQWDQGQHXWURSKLOUHFRYHU\
0LFH ZHUH LQMHFWHG LG ZLWK  VWDWLRQDU\ SKDVH ZLOG W\SH RU PXWDQWV L. major RU [
PHWDF\FOLFSURPDVWLJRWHVLQDYROXPHRIORI'0(0$WWKHHQGRIWKHH[SHULPHQWPLFH
ZHUHVDFULILFHGDQGHDUVSUHSDUHGDVSUHYLRXVO\GHVFULEHG&KDUPR\HWDO6WDLQHGFHOOV
ZHUH DQDO\]HG LQ 3%6  )&6 XVLQJ D )$&6&DQ RU )$&6 &DOLEXU IORZ F\WRPHWHU DQG
DQDO\]HGZLWKWKH)OR-RVRIWZDUH
,PPXQRIOXRUHVFHQFHDQGIORZF\WRPHWU\
(DUV ZHUH SUHSDUHG IRU LPPXQRKLVWRORJ\ DV SUHYLRXVO\ GHVFULEHG )DVQDFKW HW DO 
'HWDLOVDUHSURYLGHGLQWKH6XSSOHPHQWDU\0HWKRGV$QWLERGLHVDJDLQVW/\*&'&'
%LROHJHQGDQGDJDLQVW&'&'EDQG&'$QQH[LQ9IURPH%LRVFLHQFH6DQ'LHJR&$
ZHUH XVHG IRU )ORZ F\WRPHWU\ L. major LQIHFWHG NHUDWLQRF\WHV ZHUH FRXQWHUVWDLQHG ZLWK
UKRGDPLQH SKDOORLGLQ 0ROHFXODU 3UREHV (XJHQH 25 DQG DQDO\]HG ZLWK D IOXRUHVFHQW
PLFURVFRSH $[LRSODQ FRXSOHG ZLWK DQ $SR7RPH V\VWHP =HLVV -HQD *HUPDQ\
,PPXQRKLVWRORJ\TXDQWLILFDWLRQRI0,3FHOOVDQG³GRWV´ZDVSHUIRUPHGXVLQJWKH,PDJH-
VRIWZDUH 8QLYHUVLW\RI:LVFRQVLQ7KHDUHDRIGHWHUPLQHG UHJLRQVZDVFDOFXODWHGDQG WKH
QXPEHURI0,3SRVLWLYHHYHQWVDUHDFRXQWHGDQGH[SUHVVHGDVHYHQWVPP
*HQHUDWLRQRIP&KHUU\IOXRUHVFHQWSDUDVLWHV
L. major/9P&KHUU\SDUDVLWHVZHUHJHQHUDWHGE\WUDQVIHFWLQJORJVWDJHSURPDVWLJRWHVZLWK
OLQHDUL]HG P&KHUU\ H[SUHVVLRQ SODVPLG XVLQJ WKH $0$;$QXFOHRIHFWLRQ V\VWHP /RQ]D
%DVHO&+DQGVHOHFWLQJFORQHVZLWKPJPOK\JURP\FLQ%&DOELRFKHP0HUFN'DUPVWDGW
*HUPDQ\DVGHWDLOHGLQWKH6XSSOHPHQWDU\0HWKRGV,QVHOHFWHGH[SHULPHQWVL. majorZDV
ODEHOHGZLWKP0&0)'$DFFRUGLQJWRWKHSURYLGHU
VSURWRFRO0ROHFXODU3UREHV(XJHQH
25 526 IRUPDWLRQ ZDV PHDVXUHG ZLWK WKH GLK\GURGDPLQH '+5  SUREH 6LJPD RU
OXPLQRO&DUERV\QWKDVGHVFULEHGE\WKHPDQXIDFWHUV
%RQHPDUURZFKLPHUD



5HFLSLHQWPLFHZHUHLUUDGLDWHGUDGDQGUHFRQVWLWXWHGZLWKîGRQRUPRXVH%0FHOOV
6L[ZHHNVODWHUPLFHZHUHEOHGDQGWKHSUHVHQFHRI&'&'&'FHOOVZDVGHWHUPLQHG
E\IORZF\WRPHWU\&KLPHULFPLFHZHUHLQRFXODWHGZLWKL.majorLQWKHHDUDQGKRXUVSRVW
LQIHFWLRQWKHUHFUXLWPHQWRIQHXWURSKLOVZHUHDQDO\VHGE\IORZF\WRPHWU\DQGWZRZHHNVSRVW
LQIHFWLRQSDUDVLWHORDGGHWHUPLQHGE\OLPLWLQJGLOXWLRQDQDO\VLV/'$&KDUPR\HWDO
7UDQVIHURIQHXWURSKLOV
0LFHZHUHLQMHFWHGLSZLWK[L. majorDQGQHXWURSKLOVFROOHFWHGKRXUVODWHUDQGSXULILHG
XVLQJ0$&6QHJDWLYHVHOHFWLRQ0\OWHQ\L%LRWHF*ODGEDFK*HPDQ\3XULW\RIQHXWURSKLOV
!ZDVDVVHVVHGE\IORZF\WRPHWU\PJRI.&DGRVHUHVXOWLQJLQVLPLODUQHXWURSKLO
QXPEHU UHFUXLWHG LQ WKH LQIHFWHG HDU  KRXUV SRVWLQMHFWLRQ WKDQ WKDW REVHUYHG IROORZLQJ
LQIHFWLRQ ZLWK L. majorversusQHXWURSKLOVHDUZDVLQMHFWHG
LGL. major,QRWKHUH[SHULPHQWV[&%/RUTlrQHXWURSKLOVZHUHFRLQMHFWHGLQ
WKHHDUGHUPLVZLWKVWDWLRQDU\SKDVHL. majorSURPDVWLJRWHV'HYHORSPHQWRIHDU OHVLRQ
ZDVPHDVXUHGDQGDVFRUHJLYHQ6FKXVWHUHWDO3DUDVLWHSUHVHQFHZDVTXDQWLILHGXVLQJ
T573&5 XVLQJ Leishmania .PSJHQHVSHFLILF SULPHUV RU OLPLWLQJ GLOXWLRQ DQDO\VLV DV
SUHYLRXVO\GHVFULEHG,YHVHWDO
6WDWLVWLFDODQDO\VLV  
5HVXOWVDUHH[SUHVVHGDVWKHPHDQ6'6WDWLVWLFDOGLIIHUHQFHVEHWZHHQJURXSVZHUHDQDO\]HG
XVLQJ7WHVWIRUXQSDLUHGGDWD$YDOXHRIpZDVFRQVLGHUHGVLJQLILFDQW 
&21)/,&72),17(5(67
7KHUHLVQRFRQIOLFWRILQWHUHVW




$&.12:/('*(0(176
:HWKDQNWKH)ORZ&\WRPHWU\)DFLOLW\DQGWKH&HOOXODU,PDJLQJ)DFLOLW\&,)RIWKH8QLYHUVLW\
RI/DXVDQQHIRUWHFKQLFDOH[SHUWLVH7KLVZRUNZDVVXSSRUWHGE\6ZLVV1DWLRQDO)RXQGDWLRQ
IRU6FLHQWLILF5HVHDUFKBWR)&WR3/DQG$WR6$/
DQGWKH0HGLFDO5HVHDUFK&RXQFLO05.2WR-&0DQG1,+5$,JUDQWWR
60%͘
5()(5(1&(6
%HFNHU,6DODL]D1$JXLUUH0'HOJDGR-&DUULOOR&DUUDVFR1.REHK/*HWDO/HLVKPDQLD
OLSRSKRVSKRJO\FDQ/3*DFWLYDWHV1.FHOOVWKURXJKWROOOLNHUHFHSWRU0RO
%LRFKHP3DUDVLWRO
%KDWWDFKDUMHH$0DMXPGHU6'DV6*KRVK6%LVZDV60DMXPGDU6/HLVKPDQLD
GRQRYDQL,QGXFHG3URVWDJODQGLQ(*HQHUDWLRQ,V&ULWLFDOO\'HSHQGHQWRQ+RVW7ROO
/LNH5HFHSWRU&\WRVROLF3KRVSKROLSDVH$6LJQDOLQJ,QIHFW,PPXQ

%ODQN&)XFKV+5DSSHUVEHUJHU.5ROOLQJKRII00ROO+3DUDVLWLVPRIHSLGHUPDO
/DQJHUKDQVFHOOVLQH[SHULPHQWDOFXWDQHRXVOHLVKPDQLDVLVZLWK/HLVKPDQLDPDMRU-
,QIHFW'LV
&DPSRV0$$OPHLGD,&7DNHXFKL2$NLUD69DOHQWH(33URFRSLR'2HWDO$FWLYDWLRQ
RI7ROOOLNHUHFHSWRUE\JO\FRV\OSKRVSKDWLG\OLQRVLWRODQFKRUVIURPDSURWR]RDQ
SDUDVLWH-,PPXQRO
&DUOVHQ('/LDQJ<6KHOLWH75:DONHU'+0HOE\3&6RRQJ/3HUPLVVLYHDQGSURWHFWLYH
UROHVIRUQHXWURSKLOVLQOHLVKPDQLDVLV&OLQ([S,PPXQRO
&KDUPR\0%UXQQHU$JWHQ6$HELVFKHU'$XGHUVHW)/DXQRLV30LORQ*HWDO
1HXWURSKLOGHULYHG&&/LVHVVHQWLDOIRUWKHUDSLGUHFUXLWPHQWRIGHQGULWLFFHOOVWRWKH
VLWHRI/HLVKPDQLDPDMRULQRFXODWLRQLQUHVLVWDQWPLFH3/R63DWKRJ
H
&KDUPR\00HJQHNRX5$OOHQEDFK&=ZHLIHO&3HUH]&0RQQDW.HWDO/HLVKPDQLD
PDMRULQGXFHVGLVWLQFWQHXWURSKLOSKHQRW\SHVLQPLFHWKDWDUHUHVLVWDQWRUVXVFHSWLEOH
WRLQIHFWLRQ-/HXNRF%LRO
GH0RXUD752OLYHLUD)5RGULJXHV*&&DUQHLUR0:)XNXWDQL.)1RYDLV)2HWDO
,PPXQLW\WR/XW]RP\LDLQWHUPHGLDVDOLYDPRGXODWHVWKHLQIODPPDWRU\HQYLURQPHQW
LQGXFHGE\/HLVKPDQLDEUD]LOLHQVLV3/R61HJO7URS'LVH
GH9HHU0-&XUWLV-0%DOGZLQ70'L'RQDWR-$6H[WRQ$0F&RQYLOOH0-HWDO0\'
LVHVVHQWLDOIRUFOHDUDQFHRI/HLVKPDQLDPDMRUSRVVLEOHUROHIRUOLSRSKRVSKRJO\FDQ
DQG7ROOOLNHUHFHSWRUVLJQDOLQJ(XU-,PPXQRO
'HVFDWRLUH0+XUUHOO%3*RYHQGHU03DVVHOOL.0DUWLQH]6DOD]DU%+XUGD\DO5HWDO,/
5DOSKD6LJQDOLQJLQ.HUDWLQRF\WHVDQG(DUO\,/3URGXFWLRQ$UH'LVSHQVDEOHIRU
*HQHUDWLQJD&XUDWLYH7+HOSHU5HVSRQVHLQ/HLVKPDQLDPDMRU,QIHFWHG&%/
0LFH)URQW,PPXQRO



'H\5-RVKL$%2OLYHLUD)3HUHLUD/*XLPDUDHV&RVWD$%6HUDILP7'HWDO*XW
0LFUREHV(JHVWHGGXULQJ%LWHVRI,QIHFWHG6DQG)OLHV$XJPHQW6HYHULW\RI
/HLVKPDQLDVLVYLD,QIODPPDVRPH'HULYHG,/EHWD&HOO+RVW0LFUREH
H
(KUFKHQ-05RHEURFN.)RHOO'1LSSH1YRQ6WHEXW(:HLVV-0HWDO.HUDWLQRF\WHV
GHWHUPLQH7KLPPXQLW\GXULQJHDUO\H[SHULPHQWDOOHLVKPDQLDVLV3/R63DWKRJ
H
(LGVPR/)OXXU&5HWKL%(ULNVVRQ<JEHUJ65XIILQ1'H0LOLWR$HWDO)DV/DQG
75$,/LQGXFHHSLGHUPDODSRSWRVLVDQGVNLQXOFHUDWLRQXSRQH[SRVXUHWR/HLVKPDQLD
PDMRU$P-3DWKRO
)DULD06&DOHJDUL6LOYD7&GH&DUYDOKR9LYDULQL$0RWWUDP-&/RSHV8*/LPD$3
5ROHRISURWHLQNLQDVH5LQWKHNLOOLQJRI/HLVKPDQLDPDMRUE\PDFURSKDJHVLQ
UHVSRQVHWRQHXWURSKLOHODVWDVHDQG7/5YLD71)DOSKDDQG,)1EHWD)$6(%-

)DVQDFKW1+XDQJ+<.RFK8)DYUH6$XGHUVHW)&KDL4HWDO6SHFLILFILEUREODVWLF
QLFKHVLQVHFRQGDU\O\PSKRLGRUJDQVRUFKHVWUDWHGLVWLQFW1RWFKUHJXODWHGLPPXQH
UHVSRQVHV-([S0HG
*DVLP6(OKDVVDQ$0.KDOLO($,VPDLO$.DGDUX$0.KDUD]PL$HWDO+LJKOHYHOVRI
SODVPD,/DQGH[SUHVVLRQRI,/E\NHUDWLQRF\WHVGXULQJYLVFHUDOOHLVKPDQLDVLV
SUHGLFWVXEVHTXHQWGHYHORSPHQWRISRVWNDODD]DUGHUPDOOHLVKPDQLDVLV&OLQ([S
,PPXQRO
*LUDXG(/HVWLQRYD7'HUULFN70DUWLQ2'LOORQ5-9ROI3HWDO/HLVKPDQLD
SURWHRSKRVSKRJO\FDQVUHJXUJLWDWHGIURPLQIHFWHGVDQGIOLHVDFFHOHUDWHGHUPDOZRXQG
UHSDLUDQGH[DFHUEDWHOHLVKPDQLDVLVYLDLQVXOLQOLNHJURZWKIDFWRUGHSHQGHQW
VLJQDOOLQJ3/R63DWKRJH
+DOOLGD\$%DWHV3$&KDQFH0/7D\ORU0-7ROOOLNHUHFHSWRU7/5SOD\VDUROHLQ
FRQWUROOLQJFXWDQHRXVOHLVKPDQLDVLVLQYLYREXWGRHVQRWUHTXLUHDFWLYDWLRQE\SDUDVLWH
OLSRSKRVSKRJO\FDQ3DUDVLW9HFWRUV
+XDQJ/+LQFKPDQ00HQGH]6&RLQMHFWLRQZLWK7/5DJRQLVW3DP&6.UHGXFHVWKH
SDWKRORJ\RIOHLVKPDQL]DWLRQLQPLFH3/R61HJO7URS'LVH
+XUUHOO%35HJOL,%7DFFKLQL&RWWLHU)'LIIHUHQW/HLVKPDQLD6SHFLHV'ULYH'LVWLQFW
1HXWURSKLO)XQFWLRQV7UHQGV3DUDVLWRO
+XUUHOO%36FKXVWHU6*UXQ(&RXWD]0:LOOLDPV5$+HOG:HWDO5DSLG6HTXHVWUDWLRQ
RI/HLVKPDQLDPH[LFDQDE\1HXWURSKLOV&RQWULEXWHVWRWKH'HYHORSPHQWRI&KURQLF
/HVLRQ3/R63DWKRJH
,YHV$5RQHW&3UHYHO)5X]]DQWH*)XHUWHV0DUUDFR66FKXW])HWDO/HLVKPDQLD51$
YLUXVFRQWUROVWKHVHYHULW\RIPXFRFXWDQHRXVOHLVKPDQLDVLV6FLHQFH

-RKDQVVRQ67DOORHQ:7XHIIHUG0'DUOLQJ-06FKROOLHUV$)DQQLQJ*HWDO3ODVPD
OHYHOVRIJURZWKUHODWHGRQFRJHQH&;&/DVVRFLDWHGZLWKILEURVLVDQGSODWHOHW
FRXQWVLQ+&9LQIHFWHGSDWLHQWV$OLPHQW3KDUPDFRO7KHU
.DYRRVL*$UGHVWDQL6..DULPLQLD$$OLPRKDPPDGLDQ0+/HLVKPDQLDPDMRU
OLSRSKRVSKRJO\FDQGLVFUHSDQF\LQ7ROOOLNHUHFHSWRUVLJQDOLQJ([S3DUDVLWRO

.DZDL.6KLPXUD+0LQDJDZD0,WR$7RPL\DPD.,WR0([SUHVVLRQRIIXQFWLRQDO
7ROOOLNHUHFHSWRURQKXPDQHSLGHUPDONHUDWLQRF\WHV-'HUPDWRO6FL

.ROOLVFK*.DODOL%19RHOFNHU9:DOOLFK5%HKUHQGW+5LQJ-HWDO9DULRXVPHPEHUVRI
WKH7ROOOLNHUHFHSWRUIDPLO\FRQWULEXWHWRWKHLQQDWHLPPXQHUHVSRQVHRIKXPDQ
HSLGHUPDONHUDWLQRF\WHV,PPXQRORJ\



.RPDL.RPD0/L':DQJ(9DXJKDQ';X'$QWL7ROOOLNHUHFHSWRUDQGDQWLERGLHV
VXSSUHVVLQIODPPDWRU\UHVSRQVHLQPLFH,PPXQRORJ\
/DL<*DOOR5/7ROOOLNHUHFHSWRUVLQVNLQLQIHFWLRQVDQGLQIODPPDWRU\GLVHDVHV,QIHFW
'LVRUG'UXJ7DUJHWV
/HEUH0&YDQGHU$DU$0YDQ%DDUVHQ/YDQ&DSHO706FKXLWHPDNHU-+.DSVHQEHUJ
0/HWDO+XPDQNHUDWLQRF\WHVH[SUHVVIXQFWLRQDO7ROOOLNHUHFHSWRUDQG-
,QYHVW'HUPDWRO
/L00RHHQ5H]DNKDQORX$&KDYH]0XQR]&/DL$*KDKDU\$.HUDWLQRF\WHUHOHDVDEOH
IDFWRUVLQFUHDVHGWKHH[SUHVVLRQRI003DQG003LQFRFXOWXUHGILEUREODVWVXQGHU
ERWK'DQG'FXOWXUHFRQGLWLRQV0RO&HOO%LRFKHP
0ERZ0/'H.UH\*.7LWXV5*/HLVKPDQLDPDMRULQGXFHVGLIIHUHQWLDOH[SUHVVLRQRI
FRVWLPXODWRU\PROHFXOHVRQPRXVHHSLGHUPDOFHOOV(XU-,PPXQRO
0F)DUODQH(3HUH]&&KDUPR\0$OOHQEDFK&&DUWHU.&$OH[DQGHU-HWDO1HXWURSKLOV
FRQWULEXWHWRGHYHORSPHQWRIDSURWHFWLYHLPPXQHUHVSRQVHGXULQJRQVHWRILQIHFWLRQ
ZLWK/HLVKPDQLDGRQRYDQL,QIHFW,PPXQ
0LVVHUR&'L&XQWR).L\RNDZD+.RII$'RWWR*37KHDEVHQFHRIS&LS:$)
DOWHUVNHUDWLQRF\WHJURZWKDQGGLIIHUHQWLDWLRQDQGSURPRWHVUDVWXPRUSURJUHVVLRQ
*HQHV'HY
0XOOHU.YDQ=DQGEHUJHQ*+DQVHQ%/DXIV+-DKQNH16ROEDFK:HWDO&KHPRNLQHV
QDWXUDONLOOHUFHOOVDQGJUDQXORF\WHVLQWKHHDUO\FRXUVHRI/HLVKPDQLDPDMRULQIHFWLRQ
LQPLFH0HG0LFURELRO,PPXQRO
2\QHEUDWHQ,%DNNH2%UDQGW]DHJ3-RKDQVHQ)(+DUDOGVHQ*5DSLGFKHPRNLQHVHFUHWLRQ
IURPHQGRWKHOLDOFHOOVRULJLQDWHVIURPGLVWLQFWFRPSDUWPHQWV%ORRG

3HWHUV1&(JHQ-*6HFXQGLQR1'HEUDEDQW$.LPEOLQ1.DPKDZL6HWDO,QYLYR
LPDJLQJUHYHDOVDQHVVHQWLDOUROHIRUQHXWURSKLOVLQOHLVKPDQLDVLVWUDQVPLWWHGE\VDQG
IOLHV6FLHQFH
3LYDUFVL$.HPHQ\/'RER]\$,QQDWHLPPXQHIXQFWLRQVRIWKHNHUDWLQRF\WHV$UHYLHZ
$FWD0LFURELRO,PPXQRO+XQJ
5HJOL,%3DVVHOOL.+XUUHOO%37DFFKLQL&RWWLHU)6XUYLYDO0HFKDQLVPV8VHGE\6RPH
/HLVKPDQLD6SHFLHVWR(VFDSH1HXWURSKLO.LOOLQJ)URQW,PPXQRO
5LEHLUR*RPHV)/5RPD(+&DUQHLUR0%'RULD1$6DFNV'/3HWHUV1&6LWH
GHSHQGHQWUHFUXLWPHQWRILQIODPPDWRU\FHOOVGHWHUPLQHVWKHHIIHFWLYHGRVHRI
/HLVKPDQLDPDMRU,QIHFW,PPXQ
6DFNV'*RYLQG05RZWRQ(6SlWK*(SVWHLQ/7XUFR6-HWDO7KHUROHRI
SKRVSKRJO\FDQVLQ/HLVKPDQLDVDQGIO\LQWHUDFWLRQV3URF1DWO$FDG6FL86$

6DFUDPHQWR/7UHYHOLQ6&1DVFLPHQWR06/LPD-XQLRU'6&RVWD'/$OPHLGD53HWDO
7ROOOLNHUHFHSWRUVLJQDOLQJLQGHQGULWLFFHOOVUHJXODWHVQHXWURSKLOUHFUXLWPHQWWR
LQIODPPDWRU\IRFLIROORZLQJ/HLVKPDQLDLQIDQWXPLQIHFWLRQ,QIHFW,PPXQ

6DFUDPHQWR/$GD&RVWD-/GH/LPD0+6DPSDLR3$$OPHLGD53&XQKD)4HWDO7ROO
/LNH5HFHSWRU,V5HTXLUHGIRU,QIODPPDWRU\3URFHVV'HYHORSPHQWGXULQJ
/HLVKPDQLDLQIDQWXP,QIHFWLRQ)URQW0LFURELRO
6DGORYD-3ULFH+36PLWK%$9RW\SND-9ROI36PLWK')7KHVWDJHUHJXODWHG+$63%
DQG6+(53SURWHLQVDUHHVVHQWLDOIRUGLIIHUHQWLDWLRQRIWKHSURWR]RDQSDUDVLWH
/HLVKPDQLDPDMRULQLWVVDQGIO\YHFWRU3KOHERWRPXVSDSDWDVL&HOO0LFURELRO




6FKXVWHU6+DUWOH\0$7DFFKLQL&RWWLHU)5RQHW&$VFRULQJPHWKRGWRVWDQGDUGL]HOHVLRQ
PRQLWRULQJIROORZLQJLQWUDGHUPDOLQIHFWLRQRI/HLVKPDQLDSDUDVLWHVLQWKHPXULQHHDU
)URQW&HOO,QIHFW0LFURELRO
6FKZDQGQHU5']LDUVNL5:HVFKH+5RWKH0.LUVFKQLQJ&-3HSWLGRJO\FDQDQG
OLSRWHLFKRLFDFLGLQGXFHGFHOODFWLYDWLRQLVPHGLDWHGE\WROOOLNHUHFHSWRU-%LRO
&KHP
6FRU]D%0:DFNHU0$0HVVLQJKDP..LP3.OLQJHOKXW]$)DLUOH\-HWDO'LIIHUHQWLDO
$FWLYDWLRQRI+XPDQ.HUDWLQRF\WHVE\/HLVKPDQLD6SHFLHV&DXVLQJ/RFDOL]HGRU
'LVVHPLQDWHG'LVHDVH-,QYHVW'HUPDWROD
6FRU]D%0:DFNHU0$0HVVLQJKDP..LP3.OLQJHOKXW]$)DLUOH\-HWDO'LIIHUHQWLDO
$FWLYDWLRQRI+XPDQ.HUDWLQRF\WHVE\/HLVKPDQLDVSS&DXVLQJ/RFDOL]HGRU
'LVVHPLQDWHG'LVHDVH-,QYHVW'HUPDWROE
6PHOW6&&RWWHUHOO6((QJZHUGD&5.D\H30%FHOOGHILFLHQWPLFHDUHKLJKO\UHVLVWDQWWR
/HLVKPDQLDGRQRYDQLLQIHFWLRQEXWGHYHORSQHXWURSKLOPHGLDWHGWLVVXHSDWKRORJ\-
,PPXQRO
6SDWK*)(SVWHLQ//HDGHU%6LQJHU60$YLOD+$7XUFR6-HWDO/LSRSKRVSKRJO\FDQLV
DYLUXOHQFHIDFWRUGLVWLQFWIURPUHODWHGJO\FRFRQMXJDWHVLQWKHSURWR]RDQSDUDVLWH
/HLVKPDQLDPDMRU3URF1DWO$FDG6FL86$
6SDWK*)/\H/)6HJDZD+6DFNV'/7XUFR6-%HYHUOH\603HUVLVWHQFHZLWKRXW
SDWKRORJ\LQSKRVSKRJO\FDQGHILFLHQW/HLVKPDQLDPDMRU6FLHQFH

7DFFKLQL&RWWLHU)=ZHLIHO&%HONDLG<0XNDQNXQGL\H&9DVHL0/DXQRLV3HWDO$Q
LPPXQRPRGXODWRU\IXQFWLRQIRUQHXWURSKLOVGXULQJWKHLQGXFWLRQRID&'7K
UHVSRQVHLQ%$/%FPLFHLQIHFWHGZLWK/HLVKPDQLDPDMRU-,PPXQRO

7HFFKLR&0LFKHOHWWL$&DVVDWHOOD0$1HXWURSKLOGHULYHGF\WRNLQHVIDFWVEH\RQG
H[SUHVVLRQ)URQW,PPXQRO
7RORXHL6+HMD]L6+*KDHGL..KDPHVLSRXU$+DVKHPLQLD6-7/5DQG7/5LQ
FXWDQHRXVOHLVKPDQLDVLVFDXVHGE\/HLVKPDQLDPDMRU6FDQG-,PPXQRO

8\WWHQKRYH&0DULOOLHU5*7DFFKLQL&RWWLHU)&KDUPR\0&DVSL55'DPVNHU-0HWDO
$PLQHUHDFWLYH29$PXOWLPHUVIRUDXWRYDFFLQDWLRQDJDLQVWF\WRNLQHVDQGRWKHU
PHGLDWRUVSHUVSHFWLYHVLOOXVWUDWHGIRU*&3LQ/PDMRULQIHFWLRQ-/HXNRF%LRO

YDQ=DQGEHUJHQ*+HUPDQQ1/DXIV+6ROEDFK:/DVND\7/HLVKPDQLDSURPDVWLJRWHV
UHOHDVHDJUDQXORF\WHFKHPRWDFWLFIDFWRUDQGLQGXFHLQWHUOHXNLQUHOHDVHEXWLQKLELW
JDPPDLQWHUIHURQLQGXFLEOHSURWHLQSURGXFWLRQE\QHXWURSKLOJUDQXORF\WHV,QIHFW
,PPXQ
<RVKLPXUD$/LHQ(,QJDOOV557XRPDQHQ(']LDUVNL5*ROHQERFN'&XWWLQJHGJH
UHFRJQLWLRQRI*UDPSRVLWLYHEDFWHULDOFHOOZDOOFRPSRQHQWVE\WKHLQQDWHLPPXQH
V\VWHPRFFXUVYLD7ROOOLNHUHFHSWRU-,PPXQRO

 



),*85(/(*(1'6

)LJXUHL. majorSDUDVLWHVVWLPXODWHFKHPRNLQHVHFUHWLRQE\NHUDWLQRF\WHVEXWGRQRW
LQIHFWWKHP
D&KHPRNLQHP51$OHYHOVLQHDUVLQMHFWHGZLWKL. major RU3%65HVXOWVDUHH[SUHVVHGDV
IROGLQFUHDVHFRPSDUHGWRH[SUHVVLRQGHWHFWHGLQXQLQIHFWHGVNLQ7KHGDWDDUHUHSUHVHQWDWLYH
RIWZRH[SHULPHQWVE3ULPDU\NHUDWLQRF\WHVZHUHFRFXOWXUHGZLWKL. major SURPDVWLJRWHV
DWD02,GXULQJKRXUV&KHPRNLQHOHYHOVZHUHPHDVXUHGLQVXSHUQDWDQWVE\(/,6$
SEHWZHHQQRQH[SRVHGDQGH[SRVHGWRL. majorF P&KHUU\H[SUHVVLQJ L. major ZHUH
LQFXEDWHGZLWKPDFURSKDJHVQHXWURSKLOVRUSULPDU\NHUDWLQRF\WHV7KHIUHTXHQF\RILQIHFWLRQ
ZDVDQDO\]HGE\IORZF\WRPHWU\$UHSUHVHQWDWLYHSORWLVVKRZQDQGWKHIUHTXHQF\JLYHQLQWKH
EDU JUDSK G &0)'$-VWDLQHG L. major SDUDVLWHV ZHUH LQFXEDWHG ZLWK PDFURSKDJHV RU
NHUDWLQRF\WHV IRU  KRXUV L. major SUHVHQFH ZDV DQDO\]HG E\ IOXRUHVFHQW PLFURVFRS\ 
5HSUHVHQWDWLYHSLFWXUHVDUHVKRZQ
)LJXUH1HXWURSKLODWWUDFWLRQWRL. majorLQRFXODWLRQVLWHLV7/5GHSHQGHQW
D5HODWLYH7/5P51$H[SUHVVLRQZDVGHWHUPLQHGLQQDLYHSULPDU\NHUDWLQRF\WHVEP51$
OHYHOVRIWKHLQGLFDWHGFKHPRNLQHVZHUHDVVHVVHGDWWKHLQGLFDWHGWLPHSRLQWSRVWLQIHFWLRQLQ
LQIHFWHGHDUVRI:7Myd88DQGTlrPLFH5HVXOWVDUHH[SUHVVHGDVIROGLQFUHDVHUHODWLYH
WRH[SUHVVLRQLQXQLQIHFWHGHDUVFG:7TlrDQGMyD88PLFHZHUHLQIHFWHGLGZLWK
L. majorSURPDVWLJRWHVF)ORZF\WRPHWU\JDWLQJVWUDWHJ\DQGGPHDQQXPEHU6'RI
QHXWURSKLOVUHFUXLWHGPHDVXUHGDWWKHLQGLFDWHGWLPHE\IORZF\WRPHWU\SFRPSDULQJ
L. majorLQIHFWHG :7 WR Tlr RU MyD88-/- PLFH Q  PLFHJURXS  H 5HSUHVHQWDWLYH
+DHPRWR[\OLQDQG(RVLQVWDLQLQJRIKLVWRORJLFDOVHFWLRQVRIHDUVIURP:7DQGTlrPLFH
 DQG  KRXUV SRVW L. major LQIHFWLRQ 7KH GDWD DUH UHSUHVHQWDWLYH RI WKUHH LQGHSHQGHQW
H[SHULPHQWV


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
)LJXUH  7ULJJHULQJ RI 7/5 E\ L. major OLSRSKRVSKRJO\FDQV LQGXFH QHXWURSKLO
UHFUXLWPHQWWRWKHVLWHRILQIHFWLRQ
DE3ULPDU\:7DQGTlrNHUDWLQRF\WHVZHUHH[SRVHGWRL. majorRUL. majorSXULILHG/3*
KRXUV ODWHU FHOOIUHH VXSHUQDWDQWZDVFROOHFWHGDQG WHVWHGIRU.&DQG0,3FRQWHQWE\
(/,6$5HSUHVHQWDWLYH PHDQYDOXHV6(0 RInIURP RQH RIIRXU H[SHULPHQWV DUHVKRZQ
F.LQHWLFVRIQHXWURSKLOVUHFUXLWPHQWLQWKHHDUVRI&%/PLFHIROORZLQJLQMHFWLRQRI:7
lpg1-1-lpg1NQRFNRXWDQGlpg1DGGEDFN$%L. majorDQGGlpg2-1-lpg2NQRFNRXWDQG
lpg2 $% L. majorH.LQHWLFVRIQHXWURSKLOUHFUXLWPHQWGXULQJWKHILUVWGD\DIWHULQIHFWLRQLQ
TlrPLFHZLWKWKHLQGLFDWHGL. majorSDUDVLWHV7KHGDWDSUHVHQWHGDUHUHSUHVHQWDWLYHRIWKUHH
LQGHSHQGHQWH[SHULPHQWVn WRPLFHJURXSSHUWLPHSRLQWZLWKVLPLODUUHVXOWVS
S

)LJXUH  7/5 VLJQDOLQJ LQ QRQKHPDWRSRLHWLF FHOOV LV LQYROYHG LQ HDUO\ QHXWURSKLO
UHFUXLWPHQW
D:7DQG7/5UHFLSLHQWPLFHZHUHLUUDGLDWHGDQGUHFRQVWLWXWHGZLWKERQHPDUURZ%0
IURP:7RUTlrGRQRUPLFHDVGHSLFWHG$VDFRQWURO:7%0ZDVWUDQVIHUUHGLQWRLUUDGLDWHG
:7PLFHZHHNVODWHU%0UHFRQVWLWXWHGPLFHZHUHLQRFXODWHGLGLQWKHHDUZLWKL. major
E5HSUHVHQWDWLYHJDWLQJVWUDWHJ\DQGFGQXPEHURI/\*QHXWURSKLOVUHFUXLWHGWRWKHVLWH
RI LQMHFWLRQ  KRXUV SRVWLQIHFWLRQ DV TXDQWLILHG E\ IORZ F\WRPHWU\ DQDO\VLV 7KH GDWD DUH
UHSUHVHQWDWLYH RI WZR LQGHSHQGHQW H[SHULPHQWV HI 7ZR ZHHNV SRVWLQIHFWLRQ WKH SDUDVLWH
EXUGHQLQWKHLQIHFWHGHDUVRIWKHLQGLFDWHGFKLPHUDVZDVDQDO\]HGE\OLPLWLQJGLOXWLRQDQDO\VLV
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Supplementary Materials and Methods 
 
Immunofluorescence and flow cytometry  
Ears were embedded and frozen in Tissue-Tek O.CT. (Sakura, Benigau, D). Sections 
of 8µm were prepared as previously described (Fasnacht et al., 2014). Primary 
antibodies: rabbit polyclonal anti-GRO/KC alpha (Abcam, Cambridge, UK) and anti-
MIP-2 (BioRad, Hercules, CA), biotinylated rat anti-CD206 (Biolegend, San Diego, 
CA), rat antibodies to CD326/EpCAM (G8.8), CD45 (M1/9.4), F4/80 (F4/80), CD11b 
(M1/70)(all grown in house), NIMP-R14 (Adipogen, Epalinges, CH), Ly6G, CD207 
(eBioscience, San Diego, CA) and goat antibodies to collagen IV (Southern Biotech) 
and VE-cadherin (R&D Systems, Wiesbaden, Germany). The following secondary 
reagents were used: donkey antibodies to rabbit IgG Cy3, to APC (Jackson 
ImmunoResearch, Rheinfelden, CH), rat IgG Alexa 488 or to goat IgG Alexa647 or 
streptavidin Alexa488 (Invitrogen). All slides were stained with DAPI (Sigma-
Aldrich, St Louis, MO) and mounted using DABCO solution. Images were acquired 
on a Zeiss Axiovision microscope with an AxioCam and processed using Adobe 
Photoshop. Some colors were switched in this process to improve the visualization of 
signals. For Flow cytometry, mAb against Ly6G, CD4, CD19 are from Biolegend and 
and mAbs against CD8, CD11b and CD45 and AnnexinV are from e-Bioscience. 
Keratinocytes infected with L. major were fixed with PBS/paraformaldehyde (4%), 
permeabilized by PBS/Triton (0.1%), counterstained with rhodamine phalloidin 
(Molecular Probes, Eugene, OR), mounted with Vectashield (Vector Laboratories, 
Burlingame,CA) and analyzed with a fluorescent microscope Axioplan2 imaging 
coupled with an ApoTome system (Zeiss, Jena, Germany). Immunohistology 
quantification of MIP-2+ cells and ÒdotsÓ was performed using the ImageJ software 
(University of Wisconsin). Regions of interest were identified, area size calculated 
and the number of MIP-2 positive events/area counted and expressed as events/50.000 
µm2.  
 
Two-step SYBR green RT-PCR 
 mRNA was purified (Qiagen, Hilden, Germany) and reverse transcribed using 
SuperScript II RT (Invitrogen Life Technologies, Carlsbad, CA). Quantitative PCR 
was performed using the following primers listes in the supplementary Methods. KC 
FW: GCC TAT CGC CAATGAG and RV CTATACTTCGGTTTGGG ; MIP-2 FW 
ATCCAGAGCTTGAGTGTGACGC and RV AAGGCAAACTTTTTGACGCC ; 
LIX  FW CTA CGGTGGAGTCATAGC and RV CTTGCCGCTCTTCAGTAT. The 
primers used to amplify TLRs and HPRT were as described (Charmoy et al., 2007). 
 
Generation of mCherry-fluorescent parasites  
L. major LV39 mCherry parasites were generated by transfecting log-stage 
promastigotes with linearized mCherry expression plasmid using the 
AMAXA nucleofection system (Lonza, Basel, CH), and selecting clones with 
50µg/ml hygromycin B (Calbiochem Merck, Darmstadt, Germany). The plasmid 
(pGL1894) integrates into the ribosomal RNA locus (pSSU-int) (Misslitz et al., 2000) 
and contains the mCherry gene that is fused at the N-terminus to a mutant version 
of the first 18 amino acids of L. major hydrophilic acylated surface protein B 
(HASPB G/A) (Prickett et al., 2006) and an E-alpha peptide (Itano et al., 2003). The 
resulting fusion protein is expressed in the cytosol of Leishmania promastigotes and 
amastigotes (Millington et al., 2010). In selected experiments, L. major was labeled 
with 5µM CMFDA according to the provider's protocol (Molecular Probes, Eugene, 
OR). ROS formation was measured with the dihydrodamine (DHR) 123 probe 
(Sigma) or luminol (Carbosynth) as described by the manufacters.  
 
References: 
 
Charmoy M, Megnekou R, Allenbach C, Zweifel C, Perez C, Monnat K, et al. 
Leishmania major induces distinct neutrophil phenotypes in mice that are 
resistant or susceptible to infection. J Leukoc Biol 2007;82(2):288-99. 
Fasnacht N, Huang HY, Koch U, Favre S, Auderset F, Chai Q, et al. Specific 
fibroblastic niches in secondary lymphoid organs orchestrate distinct Notch-
regulated immune responses. J Exp Med 2014;211(11):2265-79. 
Itano AA, McSorley SJ, Reinhardt RL, Ehst BD, Ingulli E, Rudensky AY, et al. 
Distinct dendritic cell populations sequentially present antigen to CD4 T cells 
and stimulate different aspects of cell-mediated immunity. Immunity 
2003;19(1):47-57. 
Millington OR, Myburgh E, Mottram JC, Alexander J. Imaging of the host/parasite 
interplay in cutaneous leishmaniasis. Exp Parasitol 2010;126(3):310-7. 
Misslitz A, Mottram JC, Overath P, Aebischer T. Targeted integration into a rRNA 
locus results in uniform and high level expression of transgenes in Leishmania 
amastigotes. Mol Biochem Parasitol 2000;107(2):251-61. 
Prickett S, Gray PM, Colpitts SL, Scott P, Kaye PM, Smith DF. In vivo recognition of 
ovalbumin expressed by transgenic Leishmania is determined by its 
subcellular localization. J Immunol 2006;176(8):4826-33. 
 

